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A METHOD AND DEVICE FOR CLEANING AIR IN A COMPRESSED AIR 
5 SYSTEM 

Technical Field 

The present invention relates to a method of cleaning 
air in a compressed air system. It also relates to a use of 
this method as well as a device for carrying out the 
method. 

Background of the Invention 

A compressor delivers air to the compressed air 
system. This air is conventionally passed through an air 
dryer, where the air is dried by means of desiccant or 
molecular sieve. 

However, the air coming from the compressor is a 
mixture of gas, solid particles and liquid particles. The 
mixture is called an aerosol. The size of the particles can 
typically be in the range of 0.001-15 /xm. The particles can 
form larger clods, so called agglomerates. Larger liquid 
particles can be mechanically trapped. 

Some of the particles are already in the air fed into 
the compressor, whereas others are added in the compressor, 
especially if it is of the piston type (where lubricating 
oil will be added to the air) . 

The molecular sieve has the purpose to take up 
moisture and is cyclically regenerated for removing this 
moisture. It is, however, well known that all other matter 
introduced therein by the air is detrimental for its 
function, so that it has to be replaced at intervals. Also, 
the air leaving the molecular sieve will contain matter 
that can cause problems and damages in the compressed air 
system, and this problem is increased with the ageing of 
the molecular sieve. 
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The Invention 

The main object of the invention is accordingly to 
remove the above stated deficiences with presently used air 
5 drying systems and to obtain a cleaning rather than a mere 
drying of the air delivered to the compressed air system. 

This is according to the invention attained by 
consecutively passing the air through the following media: 

- a pre-filter, 
10 - silica gel, 

- a molecular sieve, and 

- a fine filter. 

The method according to the invention is preferably 
to be used in compresssed air systems for automotive 
15 application, especially for heavy road vehicles, but other 
uses are equally possible. 

A conventional cartridge for an air dryer has a 
cylindrical housing provided with a cylindrical wall 
dividing the housing in an annular outer compartment and a 
20 cylindrical central compartment. In this cartridge the pre- 
filter and the silica gel can be arranged in the outer 
compartment and the molecular sieve and the fine filter in 
the central compartment. 

The Drawing 

25 The invention will be further described below under 

certain reference to the accompanying drawing showing a 
sectional view through an air dryer cartridge for a vehicle 
air dryer. 

Description of Embodiments 

30 A cartridge shown in the drawing is primarily 

intended for conventional arrangement in an air dryer for a 
compressed air system in a heavy road vehicle. The 
cartridge as such, the air dryer, and the compressed air 
system are conventional and do not per se form any part of 

35 the present invention. 
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The cartridge shown in the drawing will only be very 
briefly described. It has a cylindrical housing 1, for 
example made of a plastic material. As is well known to any 
person skilled in the art, this cartridge housing 1 is to 
5 be arranged on a base member (not shown) and in a canister 
(not shown) of the air dryer. 

The cylindrical cartridge is divided into two 
compartments - a cylindrical central compartment and an 
annular outer compartment - by a cylindrical dividing wall 
10 2 . The central compartment may have a volume corresponding 
to half of that of the outer compartment, but other 
proportions are possible. 

Provisions are made in the base member of the air 
dryer to allow air into and out of the two compartments in 
15 the lower region but also between the two compartments in 
the upper region of the cartridge. 

Compression springs 3 are arranged between a top end 
of the housing 1 and movable covers 4 and 5 in the outer 
and the central compartments, respectively. The purpose of 
20 these springs is to keep the contents of the compartments 
under certain compression. 

In the present case air to be dried is admitted into 
the cartridge at the bottom end of the outer compartment 
and exits from the cartridge at the bottom end of the 
25 central compartment. 

During its way through the cartridge the air will in 
this case pass through the following cleaning and drying 
materials to be further described below: 

- a pre- filter 6, which will prevent larger 
30 particles, water, and liquids from passing, 

- silica gel with large pores 7; this will prevent 
larger carbon compunds and other chemical compounds from 
passing and will take up water in liquid form; also the 
molecular sieve (vide below) will be protected against 

35 chemical decomposition, 
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- silica gel with fine pores 8; this will prevent 
smaller carbon compounds from passing and will take up 
water in vapour form; also the molecular sieve will be 
protected from exposure to free water, 

5 - desiccant or molecular sieve 9; removes the 

remaining moisture from the air and lowers the dew point 
maximally, 

- a fine filter 10, which takes up small particles 
generated in earlier portions of the air dryer, 

10 The air delivered to the air dryer emanates from a 

compressor. Air from compressors, especially piston 
compressors, is a mixture of gas, solid particles and/or 
liquid particles. Such a mixture is called an aerosol. 
The size of the particles may typically but not 
15 exclusively vary between 0.001 /xm and 15 pm. The particles 
may be agglomerated into larger clods. 

The particle concentration varies with the particle 
size and seems to be at a maximum for 0.4 /xm particles. The 
highest determined number of particles is 140 000 000 
20 particles/m 3 air. 

The majority of the particles are carbon particles, 
but there are also among others sulphur and nitrogen 
particles. In combination with water these substances form 
different chemical compounds, such as nitrous acid, 
25 sulphurous acid, nitrogen compunds and a number of 

hydrocarbon compunds. Different types of ester compounds 
are also formed. 

The contaminants (the chemical compounds) attack the 
molecular sieve in the cartridge as well as details made by 
30 rubber or plastic material in the compressed air system of 
the vehicle. 

The contaminants clog the molecular sieve, and its 
ability to adsorb moisture is decreased or is totally 
eliminated. The molecular sieve is also broken down in its 
35 constituent parts, so that dust is formed. The dust in turn 
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clogs filters and can also reach the compressed air system, 
where it may cause great and expensive damages. Clogged 
filters will increase the pressure drop over the molecular 
sieve and impair the regeneration. The result will be a 
5 shortened lifetime for both the molecular sieve and other 
components . 

When polymer materials are exposed to the different 
chemical compounds, their properties may change 
drastically. The materials can be dissolved, swell, shrink, 
10 or change in other ways. This results in leakage, increased 
friction and partly or totally failing function. 

The pre-filter 6 

The purpose of this filter is to prevent great 
particles (agglomerates) , free water, and other occurring 
15 liquids/substances from directly passing the filter and 
getting in contact with subsequent molecular sieve. A 
presently used filter has only limited efficiency for 
particles smaller than 5 /xm, but continued work is aiming 
at developing a filter with effect also for smaller 
20 particles. Tests have shown an efficiency of 50% for 5/xm 
particles . 

Silica gel 7 and 8 

Silica gel is a porous, granular, amorphous form of 
silicic acid or silica and is synthetically manufactured by 
25 chemical reaction between sulphuric acid and sodium 
silicate (99.7 weight% Si0 2 ) . 

The important characteristics of silica gel are that 
it is chemically inert, non-poisonous, and crush resistant 
and has a high adsorption capability on high polar liquids, 
30 such as alcohols, esters, aldehydes, ketones, and organic 
acids. Silica gels come in pore sizes of 20-140 A. 

It is not suitable to use only silica gel as 
desiccant, if a good drying capability is to be maintained. 
Silica gel with fine pores has a relatively good water 
35 adsorption capability, but certain types will be totally 
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dissolved when exposed to free water. Silica gel with large 
pores, on the other hand, has a barrier effect, which means 
that it can adsorb quite a lot of moisture and has a 
relatively high resistance against free water, whereas the 
5 dew point suppression is very low. Silica gel with large 
pores has theoretically the capability to adsorb 
hydrocarbon compounds in size C6 and greater, whereas 
silica gel with fine pores can adsorb such compounds in 
size C4-C8. 

10 It is hard to draw a definite line between silica 

gels with large and small pores, but the pore size of the 
silica gel with large pores used in practical tests has 
been 120-130 A. 

Performed tests show that the use of silica gel with 

15 large pores can reduce the amount of hydrocarbon compounds 
that reach the molecular sieve in size C8-C17 with some 
80%, and in size C6-C7 with some 35%, whereas hydrocarbon 
compounds of size less than C6 pass through practically 
without reduction. 

20 Tests are presently being performed in order to 

assess the effect of silica gel with fine pores. 
Molecular sieve 9 

The desiccant material or molecular sieve used may be 
Zeolit* (but alternatives are possible) . It is a 

25 crystalline, highly porous material of silica, aluminium 
and oxygen atoms in combination with sodium, potassium or 
calcium ions. The type used is Na 12 [ (A10 2 ) x2 (Si0 2 ) 12 ] 27H 2 0. 
The pore size is 4 A, and its foremost capability is to 
adsorb moisture. The main drawbacks with molecular sieve is 

30 that it may be disintegrated by mechanical action in free 
water and that it is chemically broken down by hydrocarbon 
compounds and is clogged by oils and the like. 
Fine filter 10 

The purpose of the fine filter is to take care of 
35 particles generated in or present in the molecular sieve 
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and thus to prevent them from proceeding to the compressed 
air system. It can be manufactured by several types of 
material. Practically, use is made of a polyester filter. 
Alternatively, filters of polypropylene, wool, and viscose 
5 can be used. The filters may have an efficiency of at least 
some 30% for 0.4 /*m particles at the flow rates occurring 
in the cartridge. 

Modifications are possible within the scope of the 
appended claims. For example, the silica gel with fine 
10 pores 8 may have an effect of collecting carbon compounds 
in size C4-C6 also when placed after the molecular sieve 9. 
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CLAIMS 

1 . A method of cleaning air in a compressed air 
system, characterized by consecutively passing 
the air through the following media: 

5 - a pre-f ilter (6) , 

- silica gel (7, 8) , 

- a molecular sieve (9) and 

- a fine filter (10) . 

2. A method according to claim 1, character- 
10 i z e d in that the pre-f ilter (6) , which has the purpose 

of preventing larger particles, free water, and 
liquids/substances from passing, has a good efficiency for 
larger particles, such as larger than 5 fim, but limited 
efficiency for smaller particles. 

15 3. A method according to claim 1, character- 

ized in that use is made of silica gel with large pores 
(7) for preventing larger carbon compounds and other 
chemical compounds from passing and for taking up water in 
liquid form and of silica gel with fine pores (8) for 

20 preventing smaller carbon compounds from passing and for 
taking up water in vapour form. 

4. A method according to claim 3, character- 
ized in that the silica gel with larger pores (7) has a 
typical pore size of 120-130 A. 

25 5. A method according to claim 1, character- 

ized in that the molecular sieve (9) in a per se known 
way is Zeolit*. 

6. A method according to claim 1, character- 
ized in that the fine filter (10) , which has the 

30 purpose of taking up small particles generated in previous 
media, may be manufactured by polyester or alternatively by 
polypropylene, wool, and viscose and has a typical 
efficency of at least 30% for 0.4 /xm particles. 
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7. Use of the method as defined in any of the 
preceding claims in a compressed air system for automotive 
application. 

8 . A device for carrying out the method as defined in 
5 any of the preceding claims, in which a cartridge, which is 

intended for a conventional air dryer to be mounted in the 
compressed air system after the compressor, has a 
cylindrical housing (1) provided with a cylindrical 
dividing wall (2) dividing the housing in an annular outer 
10 compartment and a cylindrical central compartment, char- 
acterized in that the pre-filter (6) and the 
silica gel (7, 8) are arranged in the outer compartment and 
the molecular sieve (9) and the fine filter (10) in the 
central compartment. 


15 


WO 01/26783 


PCT/SE00/01974 


1/1 



INTERNATIONAL SEARCH REPORT 


International application No. 

PCT/SE 00/01974 


A. CLASSIFICATION OF SUBJECT MATTER 

IPC7: B01D 53/26, B60T 17/00 // B01D 46/00 

According to International Patent Classification (IPC) or to both national classification and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 

IPC7: B01D, B60T 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

SE,DK,FI,N0 classes as above 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 


C. DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 

Citation of document, with indication, where appropriate, of the relevant passages 

Relevant to claim No. 

Y 

WO 9947240 Al (HALDEX BRAKE PRODUCTS AB), 

23 Sept 1999 (23.09.99), page 5, line 13 - line 24, 
figures 1-5, claim 6 

1-8 

Y 

EP 0490632 Bl (THE BOC GROUP, INC.), 

29 January 1997 (29.01.97), column 6, 
line 25 - line 35, claims 1,6,7 

1-8 

A 

US 5451248 A (PIOTR J. SADKOWSKI ET AL), 
19 Sept 1995 (19.09.95), column 7, 
line 11 - line 29, figure 1 

1-8 


| xl Further documents are listed in the continuation of Box C | )(| See patent family annex. 


♦ Special categories of cited documents: 

* A* document defining the general slate of the art which is not considered 

to be of particular relevance 
*E" earlier application or patent but published on or after the international 
filing date 

"V document which may throw douhls on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

'O* document referring to an oral disclosure, use, exhibition or other 
means 

"P" document published prior to the international filing date but later than 
the priority date claimed 


"T* later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 

"X* document of particular relevance: the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

" Y" document of particular relevance: the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 

"&." document member of the same patent family 


Date of the actual completion of the international search 

Date of mailing of the international search report 


0 2 -02- 2001 

31 Januarv 2001 


Name and mailing address of the ISA/ 

Authorized officer 

Swedish Patent Office 


Box 5055, S-102 42 STOCKHOLM 

Ulf Nystrdm/ELY 

T-»-- » xi _ , A r o na*s esr\ 



INTERNATIONAL SEARCH REPORT 

International application No. 

PCT/SE 00/01974 

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 

Category* 

Citation of document, with indication, where appropriate, of the relevant passages 

Relevant to claim No. 

A 

US 3555787 A (E.M. LUSTIG), 19 January 1971 

(19.01.71), column 5, line 27 - line 65, figures 
1-3 

1-8 






Information on patent family members 


27/12/00 


International application No. 

PCT/SE 00/01974 


Patent document 

Publication 


Pntpnt family 

Publication 

cited in search report 

date 


member(i) 

date 

W0 9947240 Al 23/09/99 

AU 

2968299 A 

11/10/99 



SE 

9800843 A 

17/09/99 


EP 


0490632 Bl 29/01/97 


CA 

2055851 A 

14/06/92 

DE 

69124494 D,T 

22/05/97 

JP 

4298216 A 

22/10/92 

US 

5181942 A 

26/01/93 

ZA 

9109228 A 

28/10/92 


US 


5451248 A 19/09/95 


AT 

131690 T 

15/01/96 

AU 

655929 B 

19/01/95 

AU 

8111891 A 

23/01/92 

CA 

2047279 A 

20/01/92 

DE 

69115582 D,T 

22/08/96 

DK 

467668 T 

29/01/96 

EP 

0467668 A,B 

22/01/92 

SE 

0467668 T3 


ES 

2080901 T 

16/02/96 

GB 

9015867 D 

00/00/00 

GR 

3018921 T 

31/05/96 

JP 

6047235 A 

22/02/94 

KR 

179458 B 

20/03/99 

ZA 

9105559 A 

29/04/92 

GB 

9026904 D 

00/00/00 


US 3555787 A 19/01/71 NOME 


Form PCT/ISA/210 {patent family annex) (July 1998) 


This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record & 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the onmnal 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP. BOTTOM OR SIDES 
FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AV AILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 


